The tritium and deuterium content of 24 samples of atmospheric hydrogen collected at ground level near Buffalo. N.Y. (U.S.A.), Hamburg (Germany), and Nürnberg (Germany) during 1954 to 1956 was measured.
At the beginning of 1954 the T/H-ratio was found to have been 9.18-10 -14 , i.e. about a factor of 10 higher than 1949 (FALTINGS and HARTECK) and 1951 (v. GROSSE et al.) , probably due to the first explosion of a thermonuclear device in November 1952. In spite of a major test series of thermonuclear weapons in spring of 1954 (Operation CASTLE) no further increase in the tritium content was found during 1954 and 1955. It shows instead a seasonal variation with low tritium content in summer and about a threefold higher one in winter. Simultaneously, there is a good correlation between the tritium and deuterium concentrations. From 1956 on a noticeable increase in the tritium content due to more man-made HT produced or released by thermonuclear devices into the atmosphere was found, in agreement with measurements by GONSIOR. A possible explanation of the experimental results as well as a mode to test the validity of the model suggested is given.
The deuterium concentrations of the samples analysed vary between about +7 percent and -17 percent, compared to Standard Lake Michigan Water w ith a ratio D/H= 0.0148 ± 0.0002 mo! percent. Although from these results only a correlation factor between the tritium and deuterium content of "mean atmospheric hydrogen" and not their absolute values can be derived it is obvious that atmospheric hydrogen and the water vapour of the atmosphere are not in thermodynamic equilibrium. as has been pointed out before by HARTECK and SUESS.
In the past decades much attention has been given to the composition of the terrestrial atmosphere. During the initial stages of this investigation, the main interest was necessarily restricted to the composition of the lowermost layer of the atmosphere while more recently the main emphasis has been shifted to the vertical distribution of the various constituents as well as to their isotopic composition. Although practically all of the minor constituents have been investigated more or less extensively, there is a remarkable lack of information on the abundance, distribution, and isotopic composition of the free hydrogen of the atmosphere.
Due to the inherent experimental difficulties in determining the very small hydrogen content of air. the first measurements gave results which are certainly wrong (10~2 mol percent). However. DEWAR 1 as early as 1902. found the hydrogen content of air to be not more than 10~3 mol percent, and in 1914 detected only 8 • 10~° mol percent 2 . The most extensive as well as the most careful measurements appear to have been performed in 1923 by P. M. SCHUFTAN. whose results apparently have never been published but are quoted by PANETH 3 . He found the hydrogen content to be 5 • 10mol percent independent of both his analytical procedure and the origin of the air samples. This value is still to be found in all modern compendii on this subject -(except in such cases where the existence of hydrogen as a constituent of the atmosphere is still considered to be doubtful 4 ) -and apparently more recent data are not available.
To the best of our knowledge, the deuterium content of atmospheric hydrogen has only been determined once before. HARTECK and SUESS 5 . by employing a pycnometric method, determined the density of water samples (obtained by passing the crude He-Ne-fraction of an air liquefaction plant over hot CuO) relative to that of Hamburg tap water. Assuming the density difference to be entirely clue to a difference in the deuterium content, they found the D/H-ratio of atmospheric hydrogen to be (25 ±7) percent higher than that of tap water. Although this assumption may not be entirely justified as the density difference may at least be partly due to a different ratio of the oxygen isotopes, their result is in rather good agreement with the results which will be presented here. (SUESS later had this result qualitatively confirmed by a mass spectrometric analysis made by UREY'S group at the University of Chicago 6 .) Until a few months ago measurements of the T/Hratio of atmospheric hydrogen were about as scarce as the deuterium measurements. This is the more surprising as the natural occurrence of tritium was first discovered by FALTINGS and HARTECK in atmospheric hydrogenThey found in their samples, collected near Hamburg, Germany, at the beginning of 1949. a T/H-ratio of (0.38 ± 0.12) • 10 4 T.U.
(1 T.U. corresponds to a T/H-ratio of 10" 18 ). With the exception of some preliminary measurements by 
A. Deuterium
Ten milligram aliquots of the water samples were converted to hydrogen by passing the water vapor over hot uranium metal. Total reaction was assured by recycling any unreacted water over the uranium. The hydrogen gas sample was then analysed for its D'H ratio in a 6" -60 NIER type mass spectrometer especially designed to collect masses 2 and 3 (H2 + and HD + ) simultaneously 11 . A precision of ±0.1% of the ratio was obtained. The results are given relative to Standard Lake Michigan Water.
A result of + 5% indicates that the sample contains 5% more deuterium than Standard Lake Michigan Water. Although our Standard Lake Michigan Water contains 0.0148 ± .0002 mol percent D, the uncertainty in this value is greater than the precision of our isotope difference measurements.
B. Tritium
Fourty milligram aliquots of the carefully degassed water samples were converted quantitatively to hydrogen by means of hot Zn at 400 C. The hydrogen liberated was purified by passing it through a trap cooled with liquid nitrogen, and then pumped with a TOEPLER pump into a counter (360 cc, 30 cm long), which had previously been filled with 0.5 -1.0 cm of toluene vapor. About 4 cm of argon were added. The counter was then placed in a ring of anti-coincidence counters (60 cm long), surrounded by an iron shield (30 cm). The amount of tritium was determined by counting its activity in the GEIGER region. The background of the counter was (3.6 + 0.1) cpm, the net counting rate with 10 cm of hydrogen gas 10 -30 cpm. The counter was calibrated by using a tritium standard (no. PS 42 975) obtained from the National Bureau of Standards, Washington. D.C. Each sample was counted at least twice, the relative accuracy of the results is about 2% (reproducibility and statistical error), the absolute accuracy 3 -4%. 
Experimental Results and Discussion
The results of both the deuterium and the tritium measurements are presented in Table 1 . Fig. 1 ). On first sight this explanation may appear rather strange as it implies that all test series except CASTLE produced substantial quantities of HT. This is even stranger when considering the fact that the increase in the tritium content of precipitation following CASTLE was very much larger than that following IVY (Fig. 1) . Actually, the latter, has frequently been overlooked entirely. However, it must be kept in mind that the first thermo- 1949 1950 1951 1952 1953 1954 1955 1956 1957 1956 ing the U.S.S.R. test series at the end of 1955 and some or all of the following test series, on the other hand, according to confirmed reports, some of the H-bombs were detonated at great altitudes. This, then, may be assumed to be the reason why during these test series substantial quantities of HT were produced while this was not the case during the low-altitude Operation CASTLE. 
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•10* T.U. Reaction (1) is the most probable one, the formation of the free radical T02 in a three body collision.
The T02 will undergo further reactions and finally end up as HTO. However, when inserting the known 1954 1955 1956 
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and 2. The hydrogen is produced at ordinary temperatures, but not in equilibrium with its mother compound.
In both cases the possibility that the hydrogen is produced by bacteria seems to be ruled out as all hydrogen producing bacteria which have been investigated so far do produce the hydrogen in thermodynamic equilibrium or deplete the hydrogen even more in deuterium 24 If it would be possible to collect samples of atmospheric hydrogen at any location where the contamination by locally produced hydrogen can be excluded with certainty, the isotopic ratios of this hydrogen should be the same as those arrived at by the approach suggested here. At the same time such measurements might prove or disprove the validity of the model suggested here to account for the variations of the isotopic ratios. It must be pointed out.
however, that at the present time such measurements must be expected to be very difficult due to the (Fig. 1) . Only when this manmade HT is distributed homogeneously in the atmosphere will such measurements become feasible again. As this, obviously, was not the case during 1956 (see Fig. 1 and Fig. 2 ) we do not consider it to be appropriate to use the results obtained on the samples collected at Hamburg and Nürnberg (Germany) for the calculation suggested above.
The results as presented in Fig. 4 clearly demonstrate that whatever the exact value of the ratio (D/H) 0 is, the deuterium content of "mean atmospheric hydrogen" is at least as high as, if not higher than that of water from all major sources.
However, all processes which are known to produce substantial quantities of hydrogen (see above) tend to deplete the hydrogen in deuterium rather than enrich it, the degree of depletion depending on the temperature at which the production takes place.
Hence, the conclusion seems to be inevitable that some kinetic effect must be responsible for the high deuterium concentration of "mean atmospheric hydrogen." It has been suggested before 5 that the preferential escape of protium from the exosphere into space will cause such an enrichment of deuterium. Whether or not this is sufficient to explain the experimental result will depend on the relative contributions of the various hydrogen producing processes to the total production rate, about which apparently very little is known. Certainly, more experimental work on this subject is required.
